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Introduction
. .

In recent years science eaducation has received increased atten-
tion. Much of this attention has focused on héw,students learn, the
structure of knowledge, teaching methodology, and the materials for
instruction. As a rvesult of this increased attention, new programs
bave been proposed and developed, Older programs have been updated
or discarded,

At the same time other influences have been affecting the ovex-

all scheol curriculum, State legislatures have been mandating new

education proprams. Special intercst groups have becn recormending
programs for inclusion in the school curriculum., For years people in-
terested in science education have been requesting more time for science
instruction during the school year,

Two other forces have been paralleling these influences, There
has been an increasc in student population., New schools are being

built every day. There has been an overall increase in the taxes

L 2
‘ levied on the local taxpayer by the state #nd locel school district
to finance cducation, With this increase in the firauncial support
Q for education has come the request for the local school to justify its
1 D .
- financial needs., Taxpayers are now asking for a cost accounting of
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educational expenses,

At the center of this attention is the individual school dis-
trict that has only a given number of hours in a school day or in-
structional year. As a result of requests for more instructional
time, legislative curriculum mandates, increased student enrollment,
and the coét accounting requested by the taxpayer, teachers are be-
ing asked to justify their expenditures. One of these expenditures
is time, Will additional instructional time devoted to a given sub-
ject area result in an increase in achievement on the part of the
learner? Will additional time devoted to science instruction result
in an increase in student achievement in scieuce?

In the past, schools have allotted time for science instruction.
This time allotument has been based on ﬁhe opinions of educators or on
administrative expediency rather than on educational fesearch find-
ings. When requesting increased time for science instruction, people
interested in science education have given several reasons for their
requests: 1) the need for a knowledge of science in later life;

2) the ngcd for knowledge of natural phenomena for a deeper apprecia-
tion of one's natural survoundings; 3) the necessity of an understand-
ing of the methods of science for evaluation of the findings of scicnce;
4) the neced for experience jin the processes of science to discern be-
tween opinicn and evidence in the decision making process in areas
other than science; 5) science is by its nature'difficult to learn and
is therefore excellent training for the academically oricnted student;

6) children have little expevience in the understanding of natural

phenomena, and it is the responsibility of the school to provide such




experience,
Most of these reasons are relcted to assumptions about how chil-

dren learn, The first involves consideration of lateral transfer of
learning. These educators assume that by permitting the child to ex-

perience the development of a concept-o; principle in several non-
identical situations, the child will be able to analyze a new situa~
tion involving like elements, recognize the relationships, and apply
or express the principle. A second assumption involves éﬁrticaf
transfer of learning. Most educators assume that broad generaliza~
tions or principles, Involving relationships at a higher order of
complexity, can be more easily developed when the under}ying p?inu
ciples and concepts have been thoroughly understood. They feel that

concept learning is subverted when the teacher tries to push the de~

velopment of a generalization or principle by a single demonstration

or single experience as a strategy of instruction. Future learning
is therefore more difficult for the student,
Problem

To assist educators in maging reasonable dzcisions coneerning

science time allotments, this strdy (2) attempted:

1. to investigate whether an increased time allotment
increases student achievement in science;

2, to dctermine whether the teacher's.preference for a
particular science time allotment affects student
achievement in science,

An additional consideration was wade ag a part of this study,

At;itudinal outcomes of instruction are frequently mentioned in

statements of objectives of curricular offerings. Klopfer (4) feels
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that science education should concern itself with the fostering of
"wholesome attitudes toward science, scientific endeavor, and scien-

tists" as an objective of instruction, He states, "It may not be

too strong to say that this is an area where the greatest 1ong;term
significance of all our science teaching lies. The extent of our

success is in instilling favorable attitudes in our students, much

more than any science subject matter may learn and probably forget,
‘ L4

will largely determine whether or not they will give their support s
to che scientific enterprise as adult citizens of the future,"
Gallagher and Korth (3) say the same thing a little differently,

"Since attitudes are learned enduring predispositions to behaviox,

student attitudes teward science may be reflective of their school
experiences in science classes, and may also influence future actions
such as career choice and willingness to be supportive of science."

. With these considerations in mind, apy attempt to increase stu~
dent achievement in science should examine the possible change in

the students' attitudes toward science as a result of the change in

ingstructional time allotment., This study, therefore, attempted to
answer some questions that pertain to student attitudes toward
science:

1. Will an increased tiﬁe allotment affect student a?titudes

toward science?

2, Will the teacher's preference for a particular science

time allotment have an effect on student attitudes

toward science?




Procedures and Materials
The study was conducted in the Alameda Unified School District,
Alameda, Cﬁlifornia, during the 1968~69 school year, Sixteen fourth~-
grade classrooms (324 students: 169 girls and 155 boys) in eight'dif-
ferent schools were involved in the stﬁdy;
Alaseda Unified Scheol District practices heterogeneous group*
ing of students in the elementary grades, Students could, therefore,

be randomly assigned to individual classes within each school., All )

he

fourth~grade t schools were will
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the project, and two teachers in each school were randomly selected
and assigned to teach the conmtrol and experimental classes.

Time Allotments, Based upon an informal survey of fourth~grade

science time allotment practices of several school districts in the
area conducted by the investigator, tecachers were assigned to one

. of two time allotments for science instruction: Control group (to
average approximately 20 minutes per day) and Experimental group (to
average approximately 35 miﬁutbs per day).

Most digstricts in the area do not mandate the actual number of
minutes that ﬁust be devoted to specific areas of the curriculum
each day. Most recoumend the number of minutes per week that should
be devoted to curriculum areas. Teachers arc generally permitted
to exercise their professional judgement in thejr distribuﬁion of
instructional time allotments on any given day. In this manper,
teachers are permitted to meet the needs of their respective classes

and capitalize on a flexible teaching format.

Verification of sciznce instruction was accomplished by using a




Iime Log developed by the author for data retrievél and informational
feedback to the teachers., To verify that the entries made on the time
logs were being reported accurately, the investigator made random
visits to each teacher's classroom during tl.e entire data gathering
period, Durigg these visits, the investigator also examined the time
logs to see that the entries thereon were being made on a regular basis

and were in agreement with the observations made during the visit,

The Curriculum, Teachers were requested to complete the basic

curriculum, Concepts in Science, 4 (1), adopted by the State of
California andﬁto refrain from gross departures from it. Although
incidental science arising from student and teacher interaction and
iﬁterest could and did arise, the pumber of students and the number

of teachers involved in the study were considered to be large enough

to reduce such occurrences to a random effect, having little effect on
the overall outcomes of instruction,

Teacher Questiopmaire. Information concerning teacher background
and science tiwme allotmenc preference was obtained by using a question-
naire constructed by the author. Based on consistent responses, four
teacher preference and assignment groups could be obtained from this
jioformation: Preferred Minimum -~ Assigned Minimum; Preferred Minimum

-~ Agsigned Increascd; Preferred Increased -~ Assigned Minimum; Pre-

ferred Increased -~ Assigned Increased.,

Test Data., To establish pre-experimental groupings, measures of

1.0, and readine were obtained frum the cumulative files for each stu~
<

dent.

Pre~experimental measures of general science knowledge were obtained




by using the Cooperative Sequential Tests of Educational Progress,
Science, Form 4A (STEP).

Pre~experimental measures of fourth-grade science knowledge were
obtained by using the author's Science Achievement Test (SAT)., This
test consisteé of 50 multiple choice questions based on the fourth-
grade science curriculum as adopted by the State of California, The

reliability and validity of the SAT were established on a pilot study.,

Pre~experimental measures of attitudes toward science were ob~
tained through individual interviews using Lowery's (5) Projective
Tests of Attitudes (PTOA), All pre~tests were administered during the

first two weeks of school.

Post~cxperimental measures were obtained by repeating the same
tests in the same form, All post~tests were administered during the

last two weecks of school.

Statistical Tests and NDecision Rule. The statistical tests

used in the study were the F-test and the Kruskal-Wallis H-test., The

data from all criterion measures were organized and processed on an

IBM 6400 computer.

The BMD 08V program (nested design) was employed in the F-test

calculations, and the ARIEL program was used in the H-test calculations.
The BMD 08V program requives equal cell sizes, Therefore, some data
were lost by randoaly casting out some obscrvations to reduce some

cell sizes. This loss of data was not considered to be significant in

view of the total sample size,

-

The decision rule established for the analysis was to reject the

null hypothesis whenever the probability of committing a Type I error




was equal to or less than .01,

Results

Experimental and control group teachers differed only slightly.

Lontrol group teachers were about 1 year older, had taught 4 years

louger, and had 2,5 years more teachiﬁg\experiénce at the fourth-
grade tevel, Experimantal group teachers had a wider range of under-
graduate majors but had not taken as many semester units beyond their
. .
college degrees. Experimental group teachers had taken more semester
units of college level science (including science methods courses),
but the recency of college level science instruction (including
science methods courses) was the same as the control group teachers.
As a result of ramdom assignment and consistent responses to
items on thé teacher®s questionnaire, the four anticipated time allot-

ment preference and assignment groups were obtained.

The eight experimental group teachers reported a mean of 35 min-
utes of science instruction per day, and the eight control group
teachers reported a mean of 20 minutes of science instruction per day.
Fre-test

Teacher Time Allofment Preference and Assigpment Groups. Analysis

of the mean rank scorws of the four teacher prefercnce and assignment
groups or all of the pre-test criterion measures revealed no signif-
icant differences at the beginning of the study.

Fxperimental vs Control. Similarities in knowledge of general

PR

sclience between groups within schools were established through the

use of the STEP test, Although significant differences were found

between schools, no significant differences were detected between




groups within schools.

Similarities in knowledge of fourth-grade science bétween groups
within schools were established by using the SAT test, Although
significant differences betweer schools were observed, only 1 signif-
icant @ifference was detected between groups within schools. This
difference was attributed to random effects,

Similarities in attituder toward science between groupg were '
established by using the PTQ%, Again, significant’ differences were
detected between schools, but no significant differences were de-
tected between groups within schools,

Boys vs Girls., Oaly 1 significant difference was found between
boys and girls within schools on any of the pre~post criterion measures,
Apalysis revealed no significant interactions on the STEP, SAT, or PTOA,

Above Medjan vs Below Medizan Reading Groups. The above median

reading group mean scores weve significantly higher on_the STEP test
within all schools. The abmve.median reéding groups within 2 schools
scored significantly higher on the SAT. Only 1 such significant
differei.ce was deter.ed on the PTDA, Analysis revealed no significant

interactions on the STEP, SAT, or PTOA,

Above Median vs Below Mgﬁian I.Q. Groups. The above median 1.Q.
group scored significantly hiigher on the STTP test within 6 of the 8
schools, The above median group also scored significantly higﬁer
within 3 schools on the SAT. Only 2 such significant differences were
found on the PTOA, Analysis revealed no significant interactions on

the STEP, SAT, or PTOA,
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Post-=test

Teacher Preference and Agsigument CGroups. Examination of the

mean rank scores for the fouf teacher time allotment preference and
assignment groups revealed no significant diffgrences on the STEP,
SAT, or PTCA post~tests, WNo significént differences between groups
-were found on the STEP, SAT, or PTOA mean gain rank écores.'

Experimental vs Control., Inspection of the mean scqores rewvealed
ys p

that all groups gained in knowledge of general science as measured
by STEP and gained in knowledge of fourth-grade science as measured
by the SAT, Examination of the PTOA mean scores revealed that changes
in attitudes toward science had occurred in both directions (positive
and negative).
Although significant differences still existed between schools
on the STEP, SAT, and PTOA post-test scores, only 1 significant differ-
cnce between groups within schools was defécted. Additionally, 1 sig-
nificanﬁ difference was found on the mean gain scores comparison.
These differences were attributed to random effects; ‘ %'f
Boys vs Girls. Although significant differences still existed
betwzen schools on the STEP, SAT, and PTOA post-tests, no significant
differences between boys and girls within schools existed. Addition-
ally, analysis revealed only 1 significant interaction (treatment by
scx within schools) on the PTOA in one school, On the basis of non-

significant interactions, there was no reason Lo attribute differential

effects to the treatment variable,
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Above Median vs Below Median Reading Groups. Examination of

the post-test mean scores revealed that the above median reading
groups scored significaﬁtly ﬁigher than the below median reading
groups within schooiaon the STEP anﬁ SAT in 7 schools. No sigﬁif~
icant differences within schools were detected on the PTOA, In-
5pection of the mean gain scores between groups within schoéls re=
vealed only 1 significaﬁt difference., Further examination of the

means of the reading groups between experimental and control groups

within schools revealed no significant interactions (treatment by

reading within schools) on the STEP, SAT, or PTCA, On the basis of

non-significant interactioms, there was no reason to attribute dif-
ferential cffects to the tveatment variable.

Above Median vs Below Median J.Q. Groups. Examination of the

STEP and SAT post~test mear scores revealed that above median 1.Q,
groups scored significantly higher on the.éTEP and SAT in 7 of the
8 schools, No significant differences were found to exist on the
PTOA. Apnalysis of mean scores revealed no significant interactions
(treatment by 1.Q. within sichools) on the STEP, SAT, or PTOA.
Conclusions

From this study opne can say that increasing the time allotment
for fourth~grade science imstruction from a mean of 20 minutes per
day to a mean of 35 minuteg per day does not produce significant dif-
ferences in student achiecvement in  general science as measured by
STEP or significant differwnces in student achievement in fourth-

grade science as measured by SAT, Student achievement in science




increased while studying. in both time allotment groups, but not dif-
ferentially,

The teacher's preference for a particular science instruction
time allotment produced ne differential effects in student achievement
as measured by STEP and SAT, Student achievement in science improved
irrespactive of the tecacher's preference for and'assignment to either
the minimum or increased time allotment for science instguction“

From this study one can also say that increasing the time allot~
ment for fourth-grade science instruction from an average of 20 to 35
minutes per day does not produce significant differgnces in students'
attitudes toward sciénce as measured by PTOA, Additionally, the
teacher's prefevence for a particular time allotment produced no dif-
; ferential effects on students’ attitudés towvard science,

Certainly some other variable(s) had a greater effcct on stu- .

dent acheivement, Recalling the assumptions underlying the requests

for an increased time allotment assists in identifying potentislly in-
fluential variables, Lateral transfer was assumed to be accomplished

by permitting the child to experience the development of a concept or

principle in seweral, non~identical situations. This manifold de-
velopment would then permit the child to analyze a new situation in-
volving like elements, recognize the relationships, and apply ox
express the concept or principle., Vertical transfer was assumed to
be mecre easily accomplished when underlying concepts and principles
are more thorcughly understood, permitting the development of broad

generalizations and principles at higher levels of couplexity.
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Increased student achievement was registered by both groups in
the study. This indicates that both groups experienced the develop-
ment of concepts and principies in several situations, and these ex-
periences included %he necessary subordinate prerequisites for'higher
level understandings.

At least four alternatives could be used in an attempt to exw«

plain the findings of this study: 1) the experiences provided by all

of the minimum time allotment group teachers were superior, though

fewer in number, to those provided by the increasad time allotment

group teacher; 2) the classroom expericnces of both groups were essen~

tially the same in number and type, but the additional time spent by
11 of the increased time allotment group teachers was wasted in poor

organization and presentation of experiences; 3) the times reported by

both groups were not indicative of the total number and types of science
concept development experiences to which the students were exposed, and
incidental learning outside the formal classroom time devoted to science

instruction accounted for thes greatest number of experiences for the

minimum time allotment group and/or both groups; &) the experiences

g e g e
<

provided by both the experimental and control group teachers were suf-
ficient in nuwber and type to permit both lateral and vertical trans-
fer to occur .(as measured by STEP and SAY), but the effects of the

additional experiences prov.ded by the increared time allotment group

1 teachers were not detected because of the limitations of the test in-

s

strunents.,

|
The design of the study and the number of teachers and students I

{
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randomly assigned to groups within schools do not ﬁermit this inves-
tigator to accept the first two explanations as plausible. Probability
considerations dictate that it is unlikely that such occurrences

could have taken pléce. Future efforts by curriculum developers
should involve attempts: 1) to identify the number and kind of exper-
iences necessary for students to accomplish the transfex tasks in~-
tended; 2) to determine the effects of experiences which 6ccur ott-
cide of the time a)lotted to formal instruction in science; 3) to
develop evaluation instruments which examine other levels of échieve-
ment other than that at the knowledge level and instruments that
evaluate processes as well,

Most educators accept as a foregone conclugion that teachers ex~-
hibit (either intentionally orvunintentionally) their attitudes toward
a particular field of study while engaged in the act of teaching.

They also assume that these attitudes arve passed on to the student
during the course of instruction, thereby changing the students'
attitudes,

In this study the teacher's preference for a particular time
allctmeﬁt was examined as one way of grouping teachers with similax
attitudes toward science. A preference for an increased time allote
ment was thought to be indicative of a positive orientation toward the
field of science while a preference for a minimom time allotment was
thought to be an indication of a less positive to negative orientation.

By comparing the achievement and attitudes of students across the

four teacher preference and assi mment groups, the findings indicate
P ! g ’
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that the teachers' preferences had no effect on student achievement
or attitudes toward science,

It is now interesting to speculate as to how‘wal the time
allotment preferenées reflect the teacherg' attitgdes toward science,
For example, the teacher may feel that she does an effective job of
teaching sciénce becausc she likes science and can therefore reduce
the time allotment for science instruction. In contrast .o this,
another teachgr may feel she does a poor jqb of teach;pg'science be -
cause she does not like science and theréfore registers a preference

for an increased time allotment to compensate for her feelings,

Since there was mo significant shift (positive or negative) in

student attitudes toward science, a broader area of iﬁvestigation is
| suggested, Future researchers should attempt to determine how in-

’ fluential the teachers' attitudes are in changing the attitudes of
their students.

| Recommerrdations for Future Studies

. This

) el

nvestigation was only an initial step that was taken in
an attempt to examine the variable of time in science instruction. A !
study should be undertaken to determine the minimum amount of time
?nacessary to produce the same level of student achievement in science
as was observed in éhe tvo time allotments employed in this investi-
gation,
In a different direction, the measuring devices éﬁployed in.this

study (specifically the STEP and SAT) examined only the knowledge level

aspeckts of science, A study should be undertaken to ascertain the
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effects of the time allotment variable on ¢tudent acquisition of
the processes of science.
This study also permitted the teachers to exercise their pro-

fessional judgement as to how the time allotment would be dis-

tributnd during the instructional day, Some teachers provided for
science instruction on a daily basis while others ﬁa&ght science

only two or three times per week, but for longer time intervals. E
A study should be undertaken to examine the effect of‘the blocking

patterns employed by the teachers.
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